Device interrogation and management are time consuming, representing a relevant burden for pacing centers. In several situations, patients' management requires additional follow up visits. Remote Monitoring (RM) allows an optimal recall management and a rapid diagnosis of device or lead failure, without the need of additional in office visits. Further it allows a significant delay reduction between the adverse event and the reaction to the alarm, shortening the time needed to make a clinical decision. A role in riskpredicting patient-related outcomes has also been shown. RM permits detection of the arrhythmia from 1 to 5 months in advance compared to in-office visits. Importantly, by using specific algorithms with multiparametric analysis, RM has been studied as a potential instrument to identify early patients on risk of worsening HF using specific algorithms. Although the use of RM in HF setting remains controversial, it has been proposed to improve HF clinical outcomes and survival in clinical trials. In this sense, RM success could require a standardization of process within a management model, that may involve different health care professionals. In this review, we examine recent advances of RM providing an update of this tool through different clinical scenarios.
Introduction
In the last decade, the implantations of pacemaker (PMK), defibrillator (ICD) and cardiac resynchronization therapy (CRT) devices (Cardiac Implantable Electronic Devices -CIED) have significantly increased [1] [2] [3] . Clinical and device follow-up is usually scheduled every 3-12 months according to the type of the CIED and patient's clinical status. It represents a fundamental step in the management of patients with devices [4] . However, device interrogation and management are time consuming, representing a relevant burden for pacing centers, especially due to technologically advanced algorithms and patients' clinical complexity.
In several situations, such as a depleting battery, recall for malfunction, and urgent clinical or technical issues, patient management appears more complex than usual requiring additional follow up visits [5] .
The description of different RM functions has been described and standardized in the ISHNE/EHRA consensus [6] . Remote follow-up consists of scheduled automatic device interrogation, using wireless technology, aiming at assessing device function while decreasing scheduled visits. RM, instead, consists of automatic unscheduled transmission of data based on prespecified alerts related to device functionality and clinical parameters which provides a rapid detection of a potentially dangerous event such as arrhythmias, device/lead malfunction, and battery depletion, so that the patient will be called in case of trouble for a nonscheduled follow-up, since remote programming is still not available.
However, this success has not yet been equally achieved across different clinical settings, especially in HF its role remains controversial.
The aim of this review is to explore the state-of-art of RM with an emphasis on randomized trials and to examine the recent advances and future directions through different clinical scenarios.
Lead and device surveillance
Heart Rhythm Society (HRS) recommendations [7] suggest the use of RM as a lead surveillance tool and battery lifespan optimization. The implantation center has the responsibility to control device performances. RM provides a continuous surveillance of device integrity through automatic alerts which assess any variations in leads impedance, burden and duration of atrial fibrillation, stimulation modality change, atrial or ventricular amplitude variation, ventricular arrhythmia or noise signals. Moreover, the continuous monitoring of battery lifespan allows to plan the device replacement when it is at the end of life, avoiding closer follow-up visits and increasing device longevity, with several economic and clinical advantages [8] . The aforementioned benefits have been widely demonstrated in large randomized trial such as TRUST (Lumos-T Safely Reduces Routine Office Device Follow-up) [9] . Specifically, in TRUST [9] trial there was a reduction of 50% of the number of scheduled and unplanned in-office follow-ups. In this regard, other studies have demonstrated a reduction of in-office follow-up visits [10] [11] [12] [13] [14] . The REFORM Trial [10] (Remote Follow-Up for ICDTherapy in Patients Meeting MADIT II Criteria) showed a reduction of unplanned follow-up visits in 63.2% of patients followed with RM. Similar results were achieved in the COMPAS [11] and the EVOLVO studies [12] , which enrolled patients with PMK and ICD respectively. These studies showed a significant reduction of unplanned follow-up visits in the RM group compared to the control group.
In line with these observations, real world registries such as ALTITUDE [13] and MERLIN [14] , have demonstrated reduction of in office visits secondary to device malfunction and survival benefits. ALTITUDE registry demonstrated that patients with ICDs followed with RM showed a better outcome in terms of survival compared to patients followed in office. Similarly, MERLIN registry confirmed that RM is associated with improved survival, irrespective of device type, according to the level of adherence.
Reduction of event-reaction time of each center and arrhythmia management
The reduction of the delay between the adverse event (i.e. arrhythmias, malfunctions etc.) and the reaction to the alarm received by the pacing center, is a significant advantage of RM compared to the traditional follow-up, showing a shorter time to make the clinical decision [9] [10] [11] [12] [13] [14] [15] . The Clinical Evaluation of Remote Notification to Reduce Time to Clinical Decision (CONNECT) study evidenced a reduction of the median time from the clinical event to clinical decision from 22 days in the in-office patients to 4.6 days in the remote patients (p b 0.01) [15] .
In TRUST [9] study, the delay between arrhythmic event and the medical diagnosis and treatment was reduced from 36 days to 1 day for ventricular fibrillation and from 28 days to 1 day for ventricular tachycardia. In several cases, a slow incessant VT may precipitate into decompensated HF or repetitive non-sustained VT could precede the development of an electrical storm. Hence, the early detection of these arrhythmias may change the clinical course of patients.
The immediate evaluation of the effective and appropriate delivered therapy may allow to reprogram the device if the detection was incorrect (magnetic interferences, T wave oversensing, non-ventricular arrhythmia etc.) or if the therapy was not considered useful [7] . Using this personalized approach, clinicians may consider to modify the detection rate or program an anti-tachycardia pacing instead of shock, which may result painful and uncomfortable, in case of slow ventricular tachycardia, hemodynamically stable or recurrent but non-sustained VT.
Beyond the optimization of device programming, physicians could prescribe drug therapy or consider ablation of arrhythmias [16, 17] . These advantages have been confirmed in the ECOST [18] study which demonstrated a 52% rate reduction of inappropriate shock and a 76% rate reduction of capacitor charge in ICD patients, compared to inoffice follow-up, with a consequent longer battery lifespan and a 72% rate reduction of hospitalizations related to inappropriate shock. Another prospective randomized study [19] confirmed these results with a rate of inappropriate shock of 4.7% in the RM group compared to 7.7% in the control group (p b 0,005).
RM is recommended for arrhythmic burden quantification [6, 7] and for the early detection of asymptomatic atrial fibrillation (AF) [20] . RM may early identify both symptomatic and asymptomatic AF episodes with a sensitivity of 95% [21, 22] .
Data from the ASSERT [23] study showed that subclinical atrial tachyarrhythmias were frequently detected in CIED patients and were associated with a significantly higher risk of ischemic stroke or systemic embolism. Despite the higher risk of thromboembolic events, a temporal relationship between subclinical AF and systemic or cerebral embolic event was not confirmed in a subsequent study [24] .
Since RM can detect AF from 1 to 5 months in advance compared to in-office visits, it may allow an early anticoagulant therapy according to the thromboembolic risk and the duration of atrial fibrillation episode. Moreover, it helps to assess the need of cardioversion, device reprogramming, biventricular pacing rate optimization and the identification of others associated arrhythmias [25, 26] . The impact of RM to reduce the hospitalization secondary to atrial or ventricular arrhythmias has been assessed in the COMPAS [11] study. Patients with RM experienced less hospitalization with a prevalence of 2.4%, compared to 7.3% in the control group. Although there were few ischemic events, the study also showed a reduction of ischemic stroke (0.8% in RM group vs 3.3% in the control group). Similarly TRUST [9] study demonstrated a significant reduction in time to AF diagnosis in patients followed with RM compared to the control group (5.5 vs 40 days). Although the aforementioned studies demonstrated a benefit of RM, the IMPACT study did not show any benefit in thromboembolism prevention and bleeding associated with an early initiation and interruption of anticoagulation based on remotely atrial tachyarrhythmias detection [27] . The lack of benefit in the IMPACT study may be related to a lower thromboembolic risk in patients with atrial high-rate episodes (AHRE) compared to patients with documented AF [23] . Moreover, the utility of anticoagulant therapy in patients with AHRE lasting b24 h is still under investigation and further study, such as ARTESIA and NOAH, are ongoing to understand the best treatment in this setting [28, 29] .
Heart failure and RM
HF is the major and growing public health issue, characterized by steep morbidity and mortality rates, and high costs [30] and it has become a leading cause of hospital admission worldwide. In this regard the EVOLVO study [12] showed a reduction of 35% in urgent admissions and 21% in urgent follow-up visits for worsening heart failure (HF) in the RM arm, even though this study was not powered to demonstrate clinical benefit (because it enrolled only 200 patients).
A substantial proportion of this poor outcome appears to be mainly related to HF progression [31] . As such, an early detection of precipitating factors leading to worsening HF may help to prevent death from HF progression, and facilitate the identification of the best strategies for these patients.
In this regard, RM may be a useful tool to identify patients at risk of worsening HF by using specific algorithms to detect early signs of HF decompensation [32] [33] [34] . Despite several algorithms have been developed to identify an early worsening HF, the generalizability, incremental value, and cost-effectiveness of device algorithms continue to be questionable [34] and the RM role remains challenged.
In this sense, RCT have reported controversial data. Specifically, the PARTNERS HF study [35] , which enrolled chronic HF patients with CRT-D equipped with intrathoracic impendence monitoring, showed that RM was an effective tool to identify patients at risk of HF hospitalization at 30 days. Similarly, CONNECT [15] study has demonstrated a shorter from clinical event to clinical decision, along with a significant reduction of mean length cardiovascular in-hospital stay in the RM patients. Importantly, the IN-TIME study [36] assessed the role of RM to reduce mortality in 664 HF patients with left ventricular ejection fraction no N35%, NYHA class II/III and dual chambers or biventricular ICD. Over a follow-up of 12 months, RM was associated with a significant lower mortality compared to no-RM arm (3.0 vs 8.2%; HR 0.36, IC 95% 0.17-0.74; p = 0.004). As confirm of RM effectiveness on hard endpoints, a recent meta-analysis of TRUST, ECOST, and IN-TIME, highlighted the positive role of RM to reduce all-cause mortality and the composite end-point of all-cause mortality or hospitalization for worsening HF, even though the benefit appeared to be mainly driven by the prevention of worsening HF [37] .
Conversely, the MORE-CARE study [38] , which randomized HF patients with CRT-D to RM VS in office-follow-up visits, failed to show a reduction of mortality, cardiovascular or device-related hospitalization in the RM arm. Of note, patients enrolled in this study, had a more advanced HF (NYHA class III/IV).
In line with the MORE-CARE results, in similar populations (1002 patients with ICD or CRT-D and history of HF) OPTILINK-HF failed to demonstrate a reduction of mortality and HF hospitalizations using the remotely transmission of fluid status alerts [39] .
Ongoing, REM-HF demonstrated no benefit of RM in HF setting irrespective of the device implanted. Indeed, after a median follow up of 2.8 years, RM strategy using weekly downloads and a formalized follow up approach, failed to improve survival and cardiovascular hospitalizations rate in HF patients with CIED [40] .
Thus, all the aforementioned studies have led to question the usefulness of RM in HF setting. However, these studies were heterogeneous in methodological quality, sample size, population, intervention, and control group care [34] . An important difference about the characteristics of the enrolled population should be noted.
Particularly, the MORE-CARE study included patients with more advanced HF, compared to patients enrolled IN-TIME trial [36] . Further it should be underlined that in the IN-TIME study RM management was standardized and a multiparametric approach was used, whereas the MORE-CARE study managed the RM according to local clinical practice.
Notably, a multiparametric approach has been also adopted in MONIC [41] , HOMEGUIDE [21] , Primary Nursing [22] , IN-TIME mixed [36] studies, proving its effectiveness on different outcomes. Thus, the use of a multiparametric approach in selected symptomatic HF patients with reduced left ventricular ejection fraction (LVEF ≤ 35%) appears a reasonable approach.
Based on benefit of multiparametric approach, the most recent guidelines highlighted this strategy as an important tool for RM management in a HF setting [3] .
However, the identification of several parameters and multiparametric scores able to predict an adverse outcome and the understanding on how to integrate RM in multidisciplinary models still represent an important goal. In this sense, MULTISENSE trial proposes a multiparametric score [42] . Specifically, the authors analyzed several parameters related to HF exacerbations such as first and third cardiac tone, their ratio, respiratory rate, heart rate, level of daily physical activity and thoracic impedance. These parameters integrated into the Heart Logic index were able to detect gradual HF worsening. The effectiveness of multiparametric evaluation of HF exacerbation is also emerged in the SELENE study [43] .
Hence, the identification of the best multiparametric approach appears to be one of the most important aims in the future to raise the benefit of RM management in a HF setting.
Economic analysis of remote monitoring of cardiac implantable electronic devices
Three recent trials (CHAMPION [44] , REM-HF and MORE-CARE) analyzed cost-effectiveness of RM. However, an appropriate economic comparison across the studies is challenging, due to differences in study design and the local variability in the socioeconomic context and the health system structure. Also, some inequalities appear across different countries, in the financing, organization, access, delivery, quality and effectiveness of cardiac care, thus all cost-saving results are reliable only in the context in which they have been analyzed [45] . The use of RM seems associated to a reduction in staff time and costs compared with standard care. Therefore, in the MORE-CARE, the RM showed a significant 38% reduction of the composite endpoint of healthcare resources utilization (i.e. cardiovascular hospitalizations, emergency department admissions for cardiovascular causes and in office follow ups), mainly driven by reduction of in office visits [38] .
Furthermore, the CHAMPION study [44] analyzed cost-effectiveness data on RM. According to the results of the study, greater advantage has been found in HF patients with LVEF N40%.
However, REM-HF [40] did not demonstrated any benefit in terms of cost-effectiveness associated with RM. Finally, in a recent registry study (TARIFF) [46] an economic analysis of RM of CIED has been performed, confirming that RM is useful from both perspective of health care system and patients. Therefore, the overall mean annual cost per patient was significantly lower in the RM group than in the standard care group (respectively, €482.87 ± €2488.10 vs €1044.89 ± €1990.47; p b 0.0001), with a reduction of 53.87% achieved in the RM group, mainly driven by the cost of cardiovascular hospitalizations. Although the quality of life was not significantly different between groups, the number of in-office follow-ups was lowered by 58.78% in the RM group. Authors concluded that an introduction of an appropriate reimbursement could encourage a widespread adoption of RM [46] .
Clinical management
The management of in office-follow-up needs significant reassessment after the spread of RM. Every nurse and physician should accurately define assignment and responsibilities [47] . Every patient should be assigned to a referring nurse and a supervising physician.
The referring nurse should be an expert in cardiac pacing and device follow-up. The principal tasks of the nurse are patient education, website data introduction, alert revision, data screening, revision of critical cases with the supervising physician, and monitoring of patient compliance. Conversely, the physician should obtain the informed consent, control and supervise the organization, evaluate the critical clinical cases, contact the general physician and other specialists and monitor the security of recorded data. The reaction to the alert should be performed after a pre-defined time, because it represents a critical variable of service quality according to the possibilities of the hospital. The referring nurse should have a dedicated e-mail address to receive alerts and reports. A daily connection with website should be performed to evaluate received alerts. Despite alerts, a periodical revision of data from every patient should be realized to identify false negatives and verify the proper programming of alerts. The daily check of a potentially threatening alert is the main advantage of RM compared to the traditional in office follow-up. In the aforementioned paragraphs the significant reduction of the delay between arrhythmic event and the medical diagnosis and treatment was widely analyzed (i.e. in TRUST [9] study, the delay was reduced from 36 days to 1 day for ventricular fibrillation and from 28 days to 1 day for ventricular tachycardia) ( Table 1) . Every center must define a written decision algorithm in order to standardize process of alerts. According to the protocol, the referring nurse must discuss critical cases with the supervising physician to have a clinical evaluation. In case of an interruption of the transmission, patient should be called to verify the integrity of the transmission system and if necessary, an unscheduled visit should be programmed to change the transmission unit [48] . After device implantation, a first in office follow-up must be done to verify system stability and to program the device. A yearly in office-follow-up should be performed in order to realize a complete clinical evaluation.
In recent years there has been a growing concern about the emerging issue related to legal aspects of RM, such as the confidentiality of the data, privacy of the patient and medical liability for omitting RM alerts or neglecting transmission revision, including the maximum reaction time. Nowadays, this topic remains unclear because it has not been adequately clarified by any specific legislation appropriately addressing emerging challenges. The patient must be warned that RM cannot be used for remote programming and nor should the remote system be considered an emergency tool although it could be useful to enhance device surveillance and patient management. Patients have to be aware of scheduling for alert and transmission revision by signing an informed consent document so that general rules for patient RM can be defined. Only five studies reported complete data which allowed us to perform a meta-analysis of mortality. Interestingly, people undergoing RM had a risk ratio of death around 16% lower than those who had no RM. This result confirms the findings of the IN TIME trial as previously reported [36] .
The hazard risk in patients not undergoing RM was 15% higher as illustrated in Fig RM could represent an important strategy in order to reduce mortality and hospitalization, especially guided by the reduction of hospitalizations for decompensated HF. As discussed above, predisposing factors to worsening HF such as the onset of atrial and ventricular arrhythmia, an increased number of ventricular ectopic beats, a reduced percentage of biventricular pacing, a reduced daily physical activity of the patient may alert the referring center to take rapid preventing measures.
Future perspectives
RM is continuously evolving and could become the standard of care in every center, not only in large volume hospitals. The main problem is the lack of uniform reimbursement between countries. Furthermore, RM needs a better organization to overcome alerts received, because it is not an emergency system.
In the future, it could be possible to overcome technological barriers and privacy concerns and to program devices remotely. This opportunity may become important especially for patients living in remote geographic locations, and for the management of recalls suitable to reprogramming. Using specific apps in smartphones, patients may have the ability to check the website with information about their own device and communicate with the responsible doctor and nurses.
Conclusions
As highlighted recently, the next years will be inevitably characterized by an enormous development of technologies, which will influence patients' management. The benefit coming from RM has been demonstrated not only in terms of clinical effectiveness, but also of costs saving. Moreover, the benefit appears relevant in the reduction of close inoffice visits with an easier remote management of CIED patients. HF patients could benefit from remote clinical management using a multiparametric analysis of transmitted data, which integrate technical information about the device with clinical information about the patient.
As other innovations in telemedicine, RM success requires a standardization of process and a correct integration of the system in a management model, which involves different physicians and health care professionals.
Statistics
Where possible a meta-analysis was performed. Risk ratio and 95% confidence interval (C.I.) served as primary index statistics for dichotomous outcomes. To overcome the degree of potential heterogeneity of the studies random effects model was applied and I 2 test was performed. It examines the percentage of interstudy variation, with values ranging from 0% to 100%. An I 2 value b40% indicates no obvious heterogeneity, values between 40% and 70% suggest moderate heterogeneity, and I 2 N70% were considered high heterogeneity. Furthermore, potential publication bias was evaluated for the primary endpoint by constructing a "funnel plot" which the standard error of the log risk ratio was plotted against the risk ratio. The asymmetry of the plot was estimated both visually and tested by Egger's and Beg and Mazumdar tests. If these tests provide a significant result, it means that the funnel plot is asymmetric. In other words, small studies (i.e., with smaller precision) show larger effect sizes. In contrast, if the tests fail to detect asymmetry (p = ns) we can assume a low publication bias.
Comprehensive Meta-Analysis, v.2 (Biostat, Englewood Cliffs, NJ) was used for statistical computations. All p values b0.05 were considered statistically significant and reported as two-sided.
